Carotid endarterectomy: The financial impact of practice changes  by Calton, William C. et al.
Changes in the health care environment pose a
constant challenge to implement cost-saving meth-
ods without compromising quality of care. Although
this has had an impact on nearly every aspect of
patient care, perhaps no other procedure has been as
carefully scrutinized with regard to patient outcome
as carotid endarterectomy (CEA). Aggressive
attempts to reduce procedural costs must be accu-
rately measured against potential increases in costly
adverse outcomes, and these attempts require care-
ful analysis.
Principal practice changes in the past decade
include selective use of angiography, same day
admission, minimal intensive care unit (ICU) moni-
toring, and 1-day hospital stay.1-4 The purpose of
this study was to examine both the economic and
clinical outcome impact of practice changes related
to CEA over a 7-year period at a single institution. 
METHODS
All CEAs performed at the Geisinger Medical
Center from July 1, 1991, to June 30, 1998, were
included in this study with the exception of those
performed in combination with coronary artery
bypass grafting. Medical record review and financial
information audit were conducted with approval 
of the Geisinger Institutional Review Board.
Prospective data that were collected included indica-
tions for surgery, patient outcome, and medical his-
tory. Additional demographic information was
obtained from medical record review. Three separate
years that corresponded to relative changes in prac-
tice patterns for CEA were chosen for complete
financial audit. The practice modifications represent-
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ed changes instituted according to the collective vas-
cular surgeons’ preferences, which evolved into a
clinical pathway. Billing records were reviewed indi-
vidually for charge and cost data for fiscal years
1992, 1996, and 1998. 
Duplex scan examinations were performed in
accordance with published criteria validated inter-
nally at the institution’s ICVAL (Intersocietal
Commission for the Accreditation of Vascular
Laboratories) accredited vascular laboratory.5 All
procedures were performed with the patients under
general anesthesia with the routine use of intralu-
minal shunting. Dacron patch angioplasty closure
was used in most patients. In the early years of the
study, patients were routinely monitored overnight
in the ICU. In the more recent periods of the
study, patients were monitored in the postanesthe-
sia care unit for 1 to 2 hours and then transferred
to a vascular nursing ward with ambulatory teleme-
try. Vital signs and neurologic examinations were
recorded every 15 minutes for 1 hour and then
hourly for 8 hours. 
Data collected on each patient included cere-
brovascular symptoms, age, sex, and comorbid con-
ditions. Outcome measures reviewed were 30-day
perioperative stroke and death. Minor strokes were
defined as any neurologic event lasting longer than
24 hours that resulted in minimal neurologic deficit
such that independent function was not impaired
(Rankin score less than 3).6,7 All other permanent
deficits were defined as major strokes. Data for out-
come were obtained from the vascular registry and
chart review. The percentage of patients undergoing
preoperative cerebral angiography, same day admis-
sion, and postoperative ICU stay was reviewed for
the years in which financial data were analyzed. Total
length of stay (LOS) including preoperative days was
recorded for each patient. Readmissions within 72
hours of discharge were also analyzed for each finan-
cially audited year.
Total charges for inpatient stays were recorded
directly from the itemized hospital financial records.
The total charge per patient reflected the combina-
tion of inpatient charges plus any applicable charge
for preoperative outpatient angiography. A standard
year-specific estimated charge for outpatient angio-
grams was used for calculations after outpatient
financial records for charges associated with the per-
formance of outpatient angiograms at our institu-
tion were audited. For those patients referred with
an angiogram performed at an outside institution,
the standard charge was applied for the purposes of
this analysis. Professional charges are not included in
the charge or cost data.
Cost data were generated by applying the hospital’s
ratio of cost to charges (RCC) for diagnosis-related
group (DRG) charges. The RCC is an institutional-
generated ratio used to estimate payment from “cost
reimbursement” third-party payers. The cost of charged
items can be applied to calculate a DRG-specific RCC
by knowing the DRG charge and the contributing cost
center’s respective RCC.
For year-to-year comparison purposes, charge and
cost data were adjusted according to the consumer
price index for hospital services from the Bureau of
Labor Statistics and were represented in 1998 dol-
lars.8 The percentage correction from 1992 dollars to
1998 was 29.6%, and for 1996 to 1998 it was 8.0%.
Financial data were entered into an Excel 97
spreadsheet database (Microsoft Inc, Redmond,
Wash). The Student t test and the χ2 analysis were
performed with SigmaStat, version 2.03 (SPSS Inc,
San Rafael, Calif). A P value less than .05 was con-
sidered statistically significant.
RESULTS
We performed 960 CEAs during the study peri-
od. The combined death and stroke rate for the peri-
od was 1.1%. The nonfatal major and minor stroke
rates for this same period were 0.1% and 0.7%,
respectively. The mortality rate was 0.3%. Statistical
comparisons of all fiscal years did not reveal any sig-
nificant differences in death or stroke rates between
years. In the 3 years selected for financial analysis,
418 CEAs were performed. Table I lists the stroke
and death rates for these years.
Patient demographics and comorbidities for the
years selected for financial audit are shown in Table
II. Year-to-year comparisons for age, sex, cere-
brovascular symptom status, history of coronary
artery disease, tobacco use, hypertension, and dia-
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Fig 1. LOS expressed in mean days (P < .001, 1992-
1996), (P < .002, 1996-1998).
betes mellitus did not demonstrate any significant
differences (P = not significant).
The percentage of patients undergoing preoper-
ative angiography declined significantly in each of
the 3 years studied for financial data: 98% in 1992,
56% in 1996, and 24% in 1998 (P < .001). A more
dramatic decline was observed in the percentage of
patients admitted to the ICU postoperatively: 100%
in 1992, 77% in 1996, and 2% in 1998 (P < .001).
The percentage of patients admitted the day of
surgery increased from 26% in 1992 to 94% in 1998
(P < .001). The mean total LOS decreased signifi-
cantly during the 3 study years from 4.19 days in
1992 to 1.28 days in 1998 (Fig 1). The LOS was 1
day in 65% of patients in 1996 and 86% of patients
in 1998. Readmission rates within 72 hours were
0.9% in 1992, 3% in 1996, and 1.4% in 1998 (P =
not significant).
Average inflation-adjusted hospital charges for
CEA and angiography decreased significantly from
$11,691 in 1992 to $9464 in 1996 and $7117 in
1998 (Fig 2). Estimated costs in 1998 dollars for
those same years were $5494, $4476, and $3350,
respectively (Fig 3). In 1998, hospital costs were
$4737 for patients undergoing preoperative angiog-
raphy versus $2912 for patients operated on with
duplex scan alone. For the 67% of patients in 1998
who met the criteria of 1-day LOS and no preoper-
ative angiogram, costs were $2801.
DISCUSSION
The past decade has been an eventful period in the
history of CEA. Indications for the procedure in the
symptomatic and asymptomatic populations were
firmly established. Performance standards were set
that determined the threshold for surgical benefit
over medical therapy.9-11 The wider application of
CEA has also focused attention on the economics of
scale in this cost-containment era. Critics of the pro-
cedure often cite the number of operations that must
be performed to prevent a single stroke.12 However,
even in the asymptomatic population in whom con-
servative cost estimates and published death and
stroke rates are used, CEA is financially prudent. In
estimates of incremental costs per quality-adjusted life
year, CEA compares favorably with other common
therapies and interventions.13 The cost-containment
practices reviewed in our study would provide an
additional margin of benefit when comparing CEA
with other therapies in these economic models.14
Introduced over a decade ago, the safe and effica-
cious practice of operating on carotid artery occlusive
disease on the basis of duplex scan criteria alone has
yielded tremendous savings.15-17 The selective use of
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Fig 2. Mean hospital charges represented in 1998 dollars for CEA. Year-to-year differences are statis-
tically significant (P < .01).
Table I. Changing practice patterns for financially audited years
Fiscal Death and Angiography ICU Same day 
year (n) any stroke (%) (%) admission (%) admission (%)
1992 (113) 1.8 98 100 26
1996 (167) 0.6 59 77 82
1998 (138) 0 24 2 94
arteriography resulted in the greatest cost reductions
in our review. Similar findings have been documented
in other series.1,18,19 Our current indications for
angiography include extensive proximal common
carotid disease and technically inadequate duplex scan
examinations, such as uncertain distal extent of dis-
ease or equivocal occlusions. With the use of these cri-
teria, our preoperative arteriography rate has declined
to approximately 15% in 1999, which includes
patients referred with angiograms we would not have
otherwise obtained. An even more selective use of
arteriography has been reported, which would result
in additional cost savings.20 However, as demonstrat-
ed in a model of cost-effectiveness for preoperative
imaging studies for carotid disease by Kent et al,21
cost efficiency must be balanced against accuracy and
specificity in carotid imaging strategies. Some investi-
gators have recommended magnetic resonance
angiography (MRA) as a noninvasive alternative or
supplement to duplex scan to reduce the need for
conventional angiography. In our practice we have
not found the need to add routine MRA to duplex
scan alone, and therefore, we infrequently use MRA.
Similar conclusions regarding the lack of additional
information that MRA provides, as compared with
duplex scan alone, were reached in a prospective study
by Erdoes et al.22 Computed tomographic angiogra-
phy may prove useful in reducing the need for con-
ventional angiography in the patient with a technical-
ly limited or difficult carotid duplex scan examination,
but to date, we have relied on standard angiography
in this situation.23
The selective use of ICU monitoring has also
been an effective strategy for cost containment.
Hemodynamic lability, airway compromise, and cer-
vical hematoma are often cited as primary reasons
for ICU monitoring. These problems, however, are
usually apparent within the first few hours after
surgery and can therefore be detected in the
postanesthesia care unit.24 The wide range of anti-
hypertensive medications available has resulted in a
marked reduction of the need for continuous
vasoactive infusions for hypertension. Nurses on our
telemetry floor can administer intravenous antihy-
pertensive medications. Bolus administration of an
intravenous β-blocker is frequently used for this
purpose and has an excellent safety profile in our
experience. Relative hypotension is a less frequent
postoperative problem. An institutional policy that
allows the use of low dose peripheral dopamine infu-
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Fig 3. Mean hospital inflation-adjusted costs for CEA. Year-to-year differences are statistically signifi-
cant (P < .01). 
Table II. Patient demographics
1992 (n = 113) 1996 (n = 167) 1998 (n = 138)
Age (y) (mean) 68.8 69.3 68.1
Sex (male:female ratio) 1.8:1 1.4:1 2.3:1
Symptomatic carotid disease 65 (58%) 103 (63%) 74 (54%)
Coronary artery disease 65 (57%) 110 (67%) 77 (56%)
Hypertension 80 (71%) 115 (70%) 90 (65%)
Diabetes mellitus 25 (22%) 51 (31%) 35 (25%)
Smoking history 43 (38%) 67 (41%) 59 (42%)
sion on the nursing ward has been helpful in man-
aging relative hypotension without requiring ICU
admission. Our patients undergoing CEAs are rou-
tinely transferred to a designated vascular ward
where nursing familiarity with CEA care is high.
Ambulatory telemetry is routinely used. 
Shortened hospital stays were a natural evolution
after elimination of the ICU admission. Numerous
studies have documented the feasibility and excellent
results with 1-day admissions.2,25-27 In recent years we
have observed that longer stays are primarily the result
of inpatient preoperative evaluations by the referring
medical services. These preoperative days were includ-
ed in the results of this study. Reduced LOSs did not
significantly affect our rates of early readmissions. 
Searching for additional cost savings will be chal-
lenging. One proposed strategy is to adopt regional
anesthesia over general anesthesia with the reported
advantages of decreased LOS and diminished ICU
use.27 Short of same-day surgery discharges, these
potential benefits have already been achieved with
the routine use of general anesthesia at our institu-
tion. The other potential savings with regional anes-
thesia are realized by the elimination of adjunctive
cerebral perfusion monitoring. However, in the set-
ting of routine shunting, the cost savings are
reduced to the nominal cost of the shunt.
Economic comparisons are inevitable in the cur-
rent debate surrounding the appropriateness of
carotid stenting. Potential savings with carotid stent-
ing, when compared with our current practice, would
likely require a true outpatient setting. However, in a
series of CEA versus carotid stent procedures per-
formed with patients under a regional or local anes-
thesia, Jordan et al28 demonstrated that monitoring
requirements were not lessened in the endovascular
group. Device-related costs will be higher with
endovascular therapy, especially if distal protection
devices become the standard of care. Savings from the
avoidance of cranial nerve injuries or cervical
hematomas may be offset by potential access compli-
cations. Obviously, the greatest cost consideration will
depend on any significant difference in major stroke
rates, both short and long term, given the high eco-
nomic costs of this complication.29 Finally, the rate
and costs of reintervention will be important parame-
ters to consider when comparing endovascular treat-
ment versus standard CEA. To date, the reinterven-
tion rate of carotid stents has yet to be accurately
defined. With luck, future prospective randomized
trials will address these financial concerns.
The modern practice of CEA is an outstanding
example of the combination of evidence-based med-
icine, cost containment, and quality assurance. Given
the current constraints on health care resources, cen-
ters of excellence in carotid surgery should imple-
ment these safe and cost-effective practices.
Thanks to Rheba H. Calton, RN, for assistance with
retrieval of the financial data and G. Craig Wood, MS, for
assistance with statistical questions. 
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DISCUSSION
Dr P. Michael McCart (Santa Ana, Calif). I enjoyed this
presentation very much. While I concur with the reduced
use of angiography and same-day admission, I do have some
concern with the varied perceptions of minimal postop mon-
itoring and the routine 1-day hospital stay. In this study,
postop patients were admitted to the recovery room for 1 to
2 hours and then transferred to a vascular nursing ward,
which is essentially a step-down ICU. By contrast, such a
specialized unit is rarely available in the community hospital
setting. This is important because approximately 50% of
postop strokes are delayed and usually related to thrombus
at the operative site. While the 1-day hospital stay may be
adequate for most patients, early discharge for the elderly
patient and his family may be quite stressful. Although we
must be efficient today, we cannot lose sight of the human
factor. We may be close to pushing the envelope too far. 
I have a couple of questions for the author. One, did
you use a visiting nurse follow-up or train family members
to recognize specific problems, and lastly have you per-
formed any quality of care assessments? The patient’s sub-
jective evaluation may give better insight as to possible
problems with the shortened hospital stay. 
Again, I enjoyed this paper and look forward to your
comments. 
Dr W. Cuyler Calton. Thank you, Dr McCart, for your
comments. With regard to the nursing ward, although
there is ambulatory telemetry, it truly is a nonline of sight
nursing ward with 20 beds, the majority of patients not
being in the line of sight with no capability for remote
monitoring except for their EKG tracing. 
With regard to visiting nurses, we do employ them
selectively in patients who do not have a live-in family
member or responsible person to check on them as a part
of the routine management. We do preoperative and post-
operative counseling with the patient and the family mem-
ber. We are very insistent that they be at that counseling
session for what complications to look for. We also rou-
tinely employ primary care physicians, if we need a blood
pressure checkup or follow-up, if they’re getting some dis-
tance away from us in the community.
With regard to your question about patient satisfac-
tion, we have not completed a survey or done any formal
analysis of that. I will only state anecdotally for those
patients who in the early years had one-side carotid
endarterectomy done or had the contralateral side done in
a later year, they seem to relate greater satisfaction with
getting home quickly. 
Dr Richard Bien (Napa, Calif). How did you deal with
arterial lines? Did you continue them through the first
hospital day or did you discontinue them the evening of
surgery?
Dr Calton. We routinely discontinue arterial lines
before they go to the ward so they come out with dis-
charge from the recovery room. 
